Abstract: Background: Selective serotonin reuptake inhibitors are the recommended and most commonly used antidepressant medications for children and adolescents. This class of medications has been considered generally safe with few significant treatment emergent adverse reactions that generally abate over time. All antidepressants carry the precautionary warning for potential increase in suicidal ideation and close monitoring is recommended. Management of side effects of this widely used class of drugs is an important aspect of any medical practice that cares for children and adolescents.
INTRODUCTION
Depression is prevalent in the pediatric population, with reported rate of 8% of all teenagers, who meet diagnostic criteria for depression [1] . Recently, there has also been an increase in children and adolescents presenting to their pediatricians with concerns of mental health disorders and visits resulting in a prescription for an antidepressant [2] . For patients with mild depression, close follow up and support by the primary care physician is *Address correspondence to this author at the Department of Pediatric and Adolescent Medicine, Western Michigan University, Homer Stryker MD School of Medicine, 1000 Oakland Drive, Kalamazoo, MI 49008, USA; Tel: 269-337-6450; E-mail: Dilip.patel@med.wmich.edu recommended [3, 4] . Cognitive behavioral therapy [CBT] can also be initiated for mild forms of depression. Combined therapy with CBT and an antidepressant medication is recommended for patients with moderate to severe depression [3] [4] [5] [6] . Selective Serotonin Reuptake Inhibitors SSRIs are the most commonly prescribed drugs for the treatment of depressive disorders in children and adolescents due to their proven efficacy and tolerability. Fluoxetine and escitalopram are specifically approved to treat major depressive disorder while sertraline, fluvoxamine and fluoxetine are approved to treat obsessive compulsive disorder [7] . Tricyclic antidepressants are rarely used in the pediatric population due to their unfavorable side effect profile. Bupropion, mirtazapine, and buspirone have been studied in childhood depressive disorders but have not shown to be effective [6, 7] .
SSRIs are the drugs of choice when treating pediatric patients with depression. Fluoxetine is the most researched and tends to be the SSRI of choice when initiating treatment with SSRIs due to high efficacy and tolerability [3] [4] [5] [6] [7] [8] . For patients with poor response to fluoxetine, sertraline, escitalopram, and citalopram have all been shown to be effective in pediatric depression [8] . SSRIs act by blocking the reuptake of serotonin into pre-synaptic neurons and enhance serotonergic neurotransmission [9] [10] [11] [12] [13] [14] [15] .
SIDE EFFECTS
Several side-effects of SSRI medications [such as nausea] are dose related, and likely due to serotonergic effects [5-HT3 receptor stimulation] and can usually be alleviated by reducing the dose of the SSRI [11] [12] [13] [14] . Some other side-effects such as skin reactions are not dose related and are likely idiosyncratic. Similarly, certain system side-effects are noted with certain SSRI agents; fluvoxamine is associated with the highest frequency of GI disturbances, while sertraline and fluoxetine are more often associated with anxiety, agitation, and insomnia [11] [12] [13] [14] .
Gastrointestinal Side Effects
Treatment emergent gastrointestinal side effects are common with the use of SSRIs, including nausea, vomiting, diarrhea, flatulence, decreased appetite, dry mouth and heartburn [11, 13, 16, 17] . These side effects predominantly emerge when the treatment is initiated and whenever dosage is increased, are mostly transient and resolve over a period of few weeks. Although weight loss is often seen as a side effect of SSRIs, in a small subset of patients, weight gain is noted. Such weight gain may be difficult to manage by decreased caloric intake and increased physical activity [10, 11, 18, 19] . In some instances, persistent weight gain may necessitate discontinuation of the drug.
Behavioral Activation
It is important to the recognize signs and symptoms of behavioral activation in patients on SSRIs and other classes of antidepressant drugs [20] [21] [22] [23] [24] [25] . Treatment emergent behavioral activation is relatively more common in children and adolescents when compared to adults, incidence ranges from 20% to 50% [13, 26, 27] . Like most other side effects associated with the use of SSRIs, it is also seen most commonly during the first few days to weeks of initiation of the SSRIs and when the dose is increased [11, 13] . The signs and symptoms of behavioral activation include, dysphoria, cognitive difficulty, nervousness, agitation, and akathisia [11-13, 16, 20] . Akathisia is characterized by an uncomfortable feeling of restlessness. In a few cases, the use of SSRIs has been associated with the emergence of hypomania, mania or psychotic reactions [9, 21, 26] . Although, such symptoms may suggest possibility of a bipolar disorder, behavioral activation is neither an indication nor predictive of a bipolar disorder [9, 21, 26] . Symptoms of behavioral activation can be confused with those of discontinuation syndrome when SSRIs are discontinued. Therefore, it is important to ascertain history of treatment adherence by the patient to differentiate behavioral activation from discontinuation syndrome. Treatment of behavioral activation may depend on the degree of severity of symptoms; in those with persistent and severe symptoms, it may be necessary to gradually taper and discontinue the SSRI [18, 26, 28] .
Switching [or Bipolar Switching]
Switching or bipolar switching, although infrequent, is a significant treatment emergent adverse reaction seen in patient on SSRIs, characterized by a change in the mood state from depressed mood to hypomania or mania [12] [13] [14] 25] . This is in contrast to behavioral activation, in which, the mood state remains the same; in other words, in switching, the caregivers or patient recognize the symptoms as new, not present prior to the initiation of the SSRI agent [26] . Another differentiating feature between behavioral activation and switching is the temporal course of symptom emergence. The symptoms of switching emerge several days to weeks after initiation of SSRIs and may not resolve after the SSRI agent is discontinued [9, 13, 29] . Switching is not yet well studied in the pediatric population but some studies in adults suggest that the risk of switching is similar in those patients treated with SSRIs and those who are not [30] [31] [32] [33] [34] . One such study found that certain clinical features of bipolar disorder, such as younger age of onset, are associated with a greater risk of switching [32] . The emergence of symptoms suggestive of a bipolar disorders necessitates further diagnostic evaluation, and discontinuation of the SSRI agent [26, 27, 30, 31] . In addition to the emergence of symptoms suggestive of a bipolar disorder, children and adolescents when effectively treated with SSRIs for depression or anxiety, may also manifest symptoms of other underlying comorbid behavioral disorders. This will indicate need for further diagnostic evaluation for the comorbid condition.
Serotonin Syndrome
Serotonin Syndrome [SS], a serious adverse event associated with SSRI use, is a manifestation of excessive serotonergic activity in the central nervous system [13, 14, 23, 25, 35] . The risk for emergence of SS is relatively higher when the dose of an SSRI agent is high or when multiple serotonergic drugs are used together [11, 13, 17, 26, 36, 37] . Although infrequent, it is important to recognize the emergence of signs or symptoms of SS ( Table 1) because early and prompt treatment is critical to prevent serious complications ( Table 2 ) and possible death [13, 23] . Proper management of SS includes immediate discontinuation of serotonergic medications, supportive care and sedation with benzodiazepines. More severe cases may require the use of cyproheptadine [38] . With proper care SS usually resolves in 24 hours. However, in SS caused by medications with long half-lives, like fluoxetine, symptoms may persist beyond this time frame [38] . 
Withdrawal or Discontinuation Syndrome
Abrupt discontinuation after several weeks of use of an SSRI agent may result in signs and symptoms of drug withdrawal (Table 3 ) [9, 11, 26, 36, 39] . Discontinuation syndrome tends to occur more often with SSRIs with a shorter half-life when compared to those with a long half-life [11, 18, 23, 40, 42] . It is also more likely to occur after a longer duration of use of an SSRI agent [11, 18, 23, 40] . Discontinuation syndrome should be differentiated from behavioral activation. In most instances, the symptoms of withdrawal from an SSRI agent are seen within 2-5 days of lowering the dose or discontinuation [10, 11, 13, 14, 19, 30] . In case of fluoxetine, with a long half-life, the symptoms of withdrawal may not be apparent until after 7-10 days of discontinuing the drug [10, 11] . In most cases, no active intervention is indicated other than observation and reassurance of the patient. Most symptoms generally resolve within 1-2 weeks [13] . In a few cases, when symptoms persist or are severe, it may be necessary to re-start the SSRI agent at a lower dose and continue for a short period, followed by gradual tapering and discontinuation [13, 28, [41] [42] [43] . Some patients may develop suicidal ideation with discontinuation of treatment. In order to avoid or lessen the symptoms of discontinuation syndrome, SSRI dosages are tapered over 2-4 weeks [44, 45] . There are no controlled data to recommend a pattern of dose reduction or the actual dose to which SSRIs be reduced [11] [12] [13] [14] ; instead it is left to the judgment of the clinician, the dose at which symptoms occur, the availability of dosing options, availability of monitoring procedures among other factors. 
Suicide Ideation
The issue of suicidality with the use of SSRIs and other antidepressants in the treatment of depression is a subject of much debate. In 2004, the United States Food and Drug Administration [FDA] conducted a pooled analysis of placebocontrolled trials in children and adolescents with major depressive disorder, obsessive compulsive disorder or other systematic psychiatric disorders. The analysis comprised a total of 24 short-term trials of 9 antidepressant drugs [including SSRIs] in over 4400 patients. Based on the findings of the analysis, the FDA issued a warning for all antidepressants regarding increased risk of suicidality among children and adolescents being treated with antidepressants. The FDA recommended that patients placed on antidepressants be monitored closely, especially during the first few days to week for any signs of increased suicidality. Further studies have shown that the risk of increased suicidality is similar in all [SSRIs [46, 47] . One study found that rates of deliberate self-harm was twice as large in patients who started with highdose therapy versus those who started at lower initial doses [48, 49] .
Multiple subsequent studies have not been able to conclusively show that antidepressant use in children and adolescents is associated with increased risk for suicidality [10, 11, 16, 17, 26, 28, 37, 50, 51] . Specifically, the Treatment for Adolescents with Depression Study [TADS] showed decreased suicidality in all treatment groups: fluoxetine alone, CBT alone, and combined fluoxetine-CBT treatment [52] . It should also be noted that untreated depression is a risk for suicidal behavior and providers should weight the risks and benefits of antidepressant therapy carefully before initiating treatment.
More recently, a systematic review of doubleblinded, placebo controlled trials looked at the effects of SSRIs and SNRIs on healthy adult volunteers [53] . The study was done to quantify the risk of harms related to suicidality and violence when administering SSRI or SNRIs to healthy people. The study concluded that usage of SSRIs and SNRIs double the occurrence of events related suicide and violence in healthy adults. In another recent study, Sharma et al. [2016] conducted a systematic review and meta-analyses on 23 different studies of how 5 different antidepressants, duloxetine, fluoxetine, paroxetine, sertraline and venlafaxine, were associated with mortality, suicidality, akathisia, and aggression [54] . The authors concluded that all four outcomes were not significantly increased in adults. However, in children and adolescents, the risk of suicidality and aggression doubled.
Cardiovascular Side Effects
Cardiovascular side effects associated with SSRIs are uncommon; however, prolonged QT syndrome has been reported with higher doses and in cases of SSRI overdose [9, 10, 13, 18, 30] . Adverse cardiac events, including ventricular arrhythmias, cardiac arrest and sudden death were found to be three to four times higher in those patients on citalopram and escitalopram than fluoxetine [55] . Polypharmacy of psychotropic medications including antidepressants, ADHD medications, and antipsychotics is becoming more common in pediatric patients. QT prolongation is a known side effect of many of these medications and the risk of adverse cardiac events may be compounded with the use of more than one of these medications [55, 56] . It is important to keep in mind that children with psychiatric disorders have been shown to have greater sympathetic activity, heart rate, and QT variability than those without psychiatric diagnoses, potentially increas-ing their risk for medication related adverse cardiac events [55, 56] . In practice, a routine electrocardiogram is not recommended before starting an SSRI agent, unless otherwise indicated based on history and physical examination findings.
Nembhard, et al. [2017] , conducted a population based study to evaluate whether there is an association between maternal periconceptional use of SSRI and increased risk of congenital heart defects and how this association is affected by maternal and infant genetic variants [57, 58] . The authors concluded that common maternal or infant genetic variants in folate, homocysteine, or transsulfuration pathways are associated with an increased risk of congenital heart defects among children of women taking SSRIs during cardiogenesis.
Effects of in Utero Exposure to SSRIs
Numerous studies provide evidence that the use of SSRIs by mothers during late pregnancy is associated with signs and symptoms affecting multiple systems [59] . These include respiratory difficulties, cyanosis during feeding, and jitteriness. Other self-limited signs and symptoms include irritability, persistent crying, shivering, increased muscle tone, sleep difficulties, and sometime seizures. This collection of signs and symptoms has been termed poor neonatal adaptation syndrome. In addition to the acute effects seen in neonatal period in utero exposure to SSRIs has also been associated with teratogenicity.
Reefhuis et al. [2015] , used a Bayesian analysis on previous studies that assessed the association between maternal prenatal use of specific SSRIs and birth defects that were reported to the US National Birth Defects Prevention Study [60] . Based on the analysis, sertraline, which was the most commonly used SSRI in the study was not significantly associated with birth defects. Fluoxetine and paroxetine, however, were associated with multiple types of birth defects. Some birth defects occur 2-3.5 times more frequently among the infants of women treated with paroxetine or fluoxetine early in pregnancy.
The evidence supporting or refuting adverse neurobehavioral or neuromotor outcomes in infants and children with in utero exposure to SSRIs is equivocal, with most studies suggesting no short term or long term adverse outcomes [59] . Handal, et al. [2015] conducted a population-based prospective pregnancy cohort study that aimed to elucidate if there is an association between prenatal exposure to SSRI and motor development in children. Result was measured by maternal assessment of gross and fine motor development through ASQ questionnaires when the child reached 3 years of age. Prolonged prenatal exposure to SSRIs was weakly associated with delay in fine and gross motor development in children at 3 years of age [61] . A prospective study found that infants born to a euthymic mother who took serotonin reuptake inhibitors [SRIs] in the third trimester had poorer motor development, lower 5-minute APGAR scores, and shorter mean gestational age compared to infants born to a euthymic mother who did not take SRI in the third trimester [62] .
Sexual Side Effects
Sexual side effects of SSRIs are poorly studied in adolescents. One small chart review study found that 23% of adolescents experienced sexual dysfunction secondary to SSRI use but it is hypothesized that this number may actually be closer to the rate of sexual dysfunction seen in adult patients on SSRIs which may be greater than fifty percent [63] . Sexual side effects include delayed orgasm, anorgasmia, and decreased libido [14, 15, [21] [22] [23] . Most of these non-life threatening side effects tend to diminish with time. SSRIs have been used to treat premature ejaculation in some cases because it delays orgasm.
Sleep Disturbance
The use of SSRIs has been shown to reduce the total duration of sleep as well as the duration of sleep in the rapid-eye-movement phase [10, 16, 18, 23, 40] . Difficulty with sleep is a relatively common treatment emergent side effect of SSRIs. The major symptoms of sleep disturbance include difficulty initiating or falling asleep, vivid dreams and daytime drowsiness [10, 16, 18] . In most cases the symptoms improve with time. In those with persistent symptoms, administration of the SSRI in the morning along with improved sleep hygiene has been shown to be effective. In a few cases, use of a sleep aid such as melatonin is indicated.
Other Side Effects and Precautions
Other less frequently reported side effects with the use of SSRIs include increased yawning, in-creased sweating, gynecomastia, and bleeding tendencies ( Table 4) [10-13, 16, 17, 27, 28] . There is an increased risk of adverse events with the use of SSRIs in some patients ( Table 5) that requires careful consideration of benefits versus risk before considering the use of an SSRI [11, 13] . SSRIs should not be used concomitantly with monoamine oxidase inhibitors [MAOIs] and should be used with extreme caution if other serotonergic agents are also being used. Since SSRIs are metabolized by cytochrome P450, interactions with concurrent medications should be assessed prior to initiation [11, 13] . 
CONCLUSION
SSRIs are the drugs of choice and most widely used medications for the treatment of depressive disorders in children and adolescents. SSRIs have shown to be generally safe and have a favorable side effects profile. Although most common treatment emergent adverse reactions improve within first few weeks of use, some side effects, although less frequent deserve specific consideration. These include behavioral activation, bipolar switching, and the potential for increased suicidal ideation, all of which may necessitate discontinuation of SSRIs.
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